Introduction
That various solids when added to toxic solutions have a detoxifying effect is not a new concept. TRUE and OGLEVEE (4) found that glass, filterpaper, etc., segregated the more toxic components of certain aqueous solutions, thus lowering the concentration of these toxins in other regions of the solvent. They found also that dilute strong poisons are more affected than strong weak ones. This seems to be true for both electrolytes and nonelectrolytes.
It would seem reasonable to anticipate a decided detoxifying effect or increased concentration at the interface of the adsorbent if the solute lowered the interfacial tension of the solution appreciably and the adsorbent carried a charge opposite to that of the toxin in aqueous solution.
Silica gel has been used commercially for adsorption of certain gases, but perhaps is not so generally used as activated charcoal for solutions. In this study of the action of substances modifying the toxicity of phenol, silica gel was chosen, not for its particular efficiency, but for the reason that it resembles to a degree one or more components of the more heterogeneous materials of which the soil is composed and to which plants have adapted themselves as a medium.
It is not known to what extent phenol occurs in soils, but it is reasonable to suppose that it is present to an extremely slight extent, if at all. We do know that conjugated forms of it in minute quantities are at times thrown off as excretory products of animals and as such may find their way to the soil.
Plants have adapted themselves to substances found most frequently in soil waters, and in a general way we may state that those elements which have a high solution tension and are also most abundant in the earth's crust are the least toxic. For example, we may contrast the slight toxic effect of the relatively abundant elements, sodium, potassium, and calcium with the more toxic effects of the rather rare elements, caesium, lithium and barium.
The same seems true of non-electrolytes (although more exceptions can be noted). Phenol does not occur in nature to any perceptible degree, but (TRUE, 5) . Methyl and ethyl alcohol are less toxic than normal amyl, or normal hexyl alcohol, (EISENMENGER, 2).
The objects of the present study were: (1) to determine the relative toxicity of phenol at various concentrations in water solution; (2) to determine to what degree toxicity would be affected by the utilization of silica gel as an adsorbent; (3) to determine the effect on growth when mixtures of calcium nitrate and phenol in aqueous solution are used as the medium; (4) to determine the degree of adsorption of phenol in aqueous solution by silica gel. Methods -As a criterion of toxicity the growth of roots of germinating soy-bean seedlings was used. The salts and organic matter of the seeds in the very early stages of growth are sufficient to prevent starvation.
The methods employed for determining growth rates were essentially the same as those used by TRELEASE and TRELEASE (3) and by EISENMENGER (1) . The seeds were germinated on moist filter-paper in glass culture dishes in a dark room.
For each culture a Pyrex beaker of 300-cc. capacity (usual, or tall form without spout) was used. Over the top of this beaker was stretched a piece of paraffined mosquito netting which was secured below the rim by a ligature of paraffined linen thread. This beaker was then placed in a second Pyrex beaker of 600-cc. capacity and the culture solution was poured in until the liquid levels inside and outside the smaller beaker were even at its top.
When the primary roots of the seedlings had an average length of about 10 mm., seedlings were placed on the mosquito netting so that the roots dipped into the culture solution. Duplicate cultures, each of twenty-five plants, were used for each experimental solution.
The cultures were kept in a dark room, and the seedlings were allowed to grow until the primary roots of the control culture had acquired a length of about 98 mm., or until these roots had elongated about 88 mm. (98-10).
The length of the primary root of each individual plant was then recorded, and the average length of the roots of each culture was computed. From this length was deducted the average length of the roots when the seedlings were taken from the germinating dish. This difference constituted the average elongation of the culture. The growth data are relative values. Each was obtained by dividing the average elongation of a given culture by the average elongation of the control culture and multiplying by one hundred.
The average time required for the roots of the control solutions to acquire a length of 88 When silica gel was used, 3 grams were placed in each beaker (300-cc. capacity) containing the various proportions of phenol. The contents of the beakers containing the phenol and gel were agitated at intervals during the period of growth.
The silica gel was of 200 mesh size. It had previously been washed until the filtrate gave no test for electrolytes.
In order to determine the apparent degree of adsorption, 300 cc. of the various concentrations of phenol-2, 5, 15, 30, 50, 70, 85, 95, and 100 per cent. of 0.06 M phenol in aqueous solution-were placed in a flask. In each of the flasks were placed 3 grams of silica gel for a period of time equal to the time the plants in the other series were growing. As before, the materials were agitated at intervals. The final concentration of the supernatant liquid was determined by adding an excess of standard bromine solution (Koppeschaar solution) to a portion of it, and titrating the excess of bromine with sodium thiosulphate.
Results

TOXICITY OF PHENOL
In the experimental data (table I) it will be noted that as the concentration of phenol becomes higher the toxicity increases-the relative growth becomes less. This is indicated by the percentage proportions of 0.006 M and of 0.06 M ( figure 1A and 1B) . When the concentration is higher than 0.03 AI (50 per cent. of 0.06 M) scarcely any growth occurs.
GROWTH IN SOLUTIONS OF PHENOL TO WHICH SILICA GEL WAS ADDED
An examination of table I shows that solutions of phenol to which silica gel was added afforded better growth in nearly all concentrations than did the same concentrations of phenol without silica gel. This is likely due to the removal of some toxic principle. Since phenol is not highly ionized, the toxicity is not due to any great extent to the hydrogen ion. (1) (1) phenol, (2) solutions to which three grams of silica gel were added to each phenol solution, (3) At lower concentrations as in the percentage proportions of 0.006 M the culture solutions containing the silica gel afford an average growth approximately 8 per cent. better than those containing no gel. In the case of percentage proportions of 0.06 M this increased average is slightly more than 4 per cent. As the concentration of the phenol iiicreases, the effectiveness of the gel to detoxify rapidly diminishes. At a concentration of 0.042 Al growth is inhibited even though the silica gel is present. In other words, at low concentrations of a toxic substance the media are relatively more sensitive to modifying agencies of this kind than at high coneentrations.
TOXICITY OF CALCIUM
In the consideration of phenol we could regard the toxicity as the action of the molecule or a part of the molecule. In the case of calcium nitrate we are dealing for the most part with the toxicity of the calcium ion. Soybean seedlings are not decidedly sensitive to this ion; in fact, concentrations lower than 0.03 M seem to be less toxic to the seedlings than is distilled water. The roots of the seedlings grown in distilled water averaged only 71 per cent. of the length of those grown in control solutions. Low concentrations of calcium nitrate may serve to regulate the osmotic pressure which is undoubtedly a factor in distilled water toxicity. It is obvious, however, ( figure 1B) In view of the fact that adsorption does occur it seems more plausible to attribute the lessened toxic effects to lowered concentration of the media rather than to any oligodynamic phenomena due to retention by the silica gel of substances that could not previously be washed out.
Summary
The toxicity of phenol to plants increases with increased concentration. Silica gel when placed in aqueous solutions of phenol lowers the degree of toxicity. When the concentration of phenol is increased the detoxifying effect is decreased.
At a total concentration of 0.006 AI mixtures of phenol and calciumn nitrate exert a toxic effect greater than that of calcium nitrate used singly. When the molecular proportion of calcium nitrate exceeds that of phenol, the toxic effects are less than those of the corresponding single solutions of phenol.
A portion of the phenol was adsorbed by the silica gel.
